SUMMARY Growth hormone (GH) was measured before and 10 minutes after a standardised bicycle exercise test (duration 15 minutes) in 37 short children (group 1: mean (SD) age 12.8 (3.5) years; mean (SD) bone age 10-4 (3.6) years; mean (SD) height standard deviation score (SDS) -2-8 (0.7)), 16 tall children (group 2: mean age 12-9 (2.8) years; mean bone age 13.9 (1-4) years; mean height SDS 3-0 (0.8)), and 30 normal children (group 3: mean age 13-3 (3.2) years; mean bone age 12-8 (3.4) years; mean height SDS -0-4 (0.8)). Results of GH are expressed as mean (SEM).
The growth hormone (GH) response to the physiological stimulus of exercise is advocated as part of the investigation of growth disorders in children. '-8 As in pharmacological and other physiological tests of GH secretion, however, the stimulus of exercise may fail to induce a significant rise in plasma GH concentration.9 Studies investigating the factors that influence GH response to exercise have concentrated on the standardisation of the exercise test and the degree of work performed by the subject. Even with attention to these details, there is still a high percentage of children with no rise in GH with exercise-that is, a false no response. We therefore investigated factors that influence the GH response to exercise by measuring GH before and after a standardised exercise test in short and tall children and compared this response with that seen in children of normal stature. 53
Patients and methods
Eighty three children (49 boys and 34 girls) were investigated. Group 1 consisted of 37 short children (27 boys and 10 girls) with constitutional growth delay, defined as height <3rd centile with a height velocity at the 50th centile for age (according to data from the Zurich longitudinal growth study). (Prader A, Issler C, Molinari L, Largo R. Body measurements, growth measurements and bone age of healthy children, Unpublished data.) Group 2 consisted of 16 tall children (eight boys and eight girls) whose height was >97th centile. Group 3 consisted of 30 children of normal stature (14 boys and 16 girls) whose height was between the 3rd and 97th centiles; 20 were friends or siblings of children in groups 1 and 2, and 10 were children under investigation for other endocrine problems but in Table 1 . Each child performed a 15 minute standardised incremental workload test using a bicycle ergometer (Puch Tunturi). In the first five minutes of the test the child exercised at a constant work load of 1 watt/kg, in the second five minutes at 1-5 watts/kg, and in the final five minutes at 2 watts/kg. At the end of the exercise period the pulse rate was counted. All children completed the exercise test. The youngest child was 5-3 years of age and the shortest child 100-2 cm in height.
Blood samples were taken from 75 of the children (90%) before the exercise test and from all of the children 25 minutes after the start of the exercise. Group 1 had blood taken at more frequent intervals: 0, 5, 10, 15, 25, 45, and 60 minutes from the start of exercise. From each blood sample blood glucose (mmol/l), plasma insulin (pmol/l), and plasma growth hormone (mU/l) were measured according to our laboratory methods. '2 Statistical differences comparing pre-with postexercise GH were calculated by a paired Wilcoxon test. Statistical differences of post-exercise GH within the three groups were calculated by the nonparametric ranked analysis of variance according to Kruskall and Wallis. Statistical differences in prepubertal post-exercise GH compared with pubertal values were calculated by a Mann-Whitney test. Calculation of relevant predictors of the postexercise GH response was performed by multiple regression analysis. 3 
Results
The plasma concentration of GH pre-and postexercise is given in Table 2 . Results are expressed as mean (SEM).
Pre-exercise GH was similar in all three groups. There was a significant increase in GH with exercise in all three groups (A GH: group 1, 9.8 (2.7) mU/l, group 2, 26-6 (2.5) mU/l, and group 3, 12-5 (2.7) mU/l; p<0-001). This rise in GH with exercise remained significant on separation of the groups by sex, with the exception of short girls (group 1 girls). Post-exercise GH was significantly higher in group 2 compared with groups 1 and 3 (p<0 005). Separation of the groups by sex revealed no significant differences in boys in post-exercise GH (group 1, 19-0 (3.6) mU/l, group 2, 27-1 (3.1) mU/l, group 3, 22-9 (4-7) mU/l) but a significantly higher GH in tall girls (group 1, 14-5 (5-7) mU/l, group 2, 43-0 (8.9) mU/l, and group 3, 18-9 (4.5) mU/l; p<0 025).
In the seven children from group 1 who had blood taken more often during and after exercise GH peaked between 15 and 25 minutes. At 0 minutes mean GH measured 3-9 mU/l, at 5 minutes 5-0 mU/l, at 10 minutes 9 7 mU/l, at 15 minutes 16-0 mU/l, at 25 minutes 16.0 mU/l, at 45 minutes 10-0 mU/l, and at 60 minutes 3-3 mU/l, respectively.
Post-exercise GH was <10 mU/l in 29 children (34% total; 49% group 1, 6% group 2 and 34% group 3). No significant relations were observed between post-exercise GH and time of day of exercise, time of last meal in relation to exercise test, plasma insulin or insulin to blood glucose ratio, or cardiovascular response to exercise. All children had a pulse rate above 160 beats/min at the end of the exercise, with 85% having a pulse rate >200.
There was a positive relation between postexercise GH and both bone age (p<0 05) and pubic hair stage (p<005); this was also present on separation of the groups by sex (Figs. 1 and 2 ). Post-exercise GH was significantly higher with advancing bone age and in post-puberty compared with prepuberty: GH at bone age <10 years was 13-8 (2*8) mU/l and at bone age >10 years was 25-3 (2-7) mU/l (p<0-01); GH at pubic hair stage P1 was 12-8 (2.2) mU/l and at P3-5 was 31-4 (3-4) mU/l (p<005). Multiple regression analysis revealed that the relevant predictors of a rise in GH with exercise was different for the sexes: for boys, the predictors were bone age and pubic hair stage (p<0-001); for girls, the predictors were height and height SDS (p<0-001). All the tall girls and five of the eight boys were in advanced puberty.
Discussion
The post-exercise GH concentration after a standardised exercise test showed considerable variation in children with differing stature. One third of the children had a 'false no response' result, with post-exercise GH <10 mU/l. Failure to detect a rise in GH after the exercise could be accounted for by the use of a single blood test taken 10 minutes after the exercise, which may miss a rise in GH. Previous studies have shown this, however, to be the time of the peak response of GH to exercise,1 14 15 and this was confirmed in the seven children from group 1 who had blood samples taken at more frequent intervals.
The degree of physical work performed during the exercise test is a factor known to influence the GH response to exercise. Prolonged mild exercise and severe maximum exercise have both been shown to be poor stimuli of GH; a submaximal workload test, exercising to roughly 70% of maximum oxygen capacity, with the exercise period limited to between 10-20 minutes, seems optimal in inducing a rise in GH.' In this study the exercise period was 15 minutes and a rise in the pulse rate to > 160 beats/min suggests that an oxygen uptake in the order of 70% was achieved,'6 even in the face of the expected variation in physical fitness of the children.
No relation was observed between the postexercise GH response and time of day at which the exercise was performed (all tests being performed between 0800 and 1700h) and in the timing of the meal previous to the exercise. Insulin and blood glucose concentrations at the time of the exercise also had no relation to the GH response.
The development of puberty influenced the GH response to exercise. The 23 Enhancement of GH secretion to pharmacological tests by either testosterone24 or exercise is higher in puberty compared with childhood. Therefore, although children may be suspected of having GH deficiency after a failure of GH to increase with exercise, a non-response may be a normal finding in prepubertal children, independent of stature.
